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2344606 

WEULBORE CASING 
Cross Reference To Related Applications 
This application claims the benefit of the flHng date of US. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generafy to wellboce casings, and in particular to 
weQbore ftfrgyng" that are formed using expandable tubing. 

Conve ntion all y , when a weHbore is created, a number of casings are 
5 installed to the borehole to prevent ooDapseof the borehole wall and to prevent 
nndeaired outflmr of rfrimngfhiiH tafr> fo* frr™fltmi ftr nrfkrw of fluid from the 
formation into the borehole. The borehole Is drilled in intervals whereby a casing 
which iatobeinstaDedfealower bore 

installed casing of an upper borehole interval. As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casingB and the borehole wall to seal the casings from the borehole 
walL As a consequence of this nested arrangement a relatively forgo borehole 
15 diameter is required at the upper part Such a large borehole 

diameter involves increased coats doe to lvsvyca^ handling equ^anent, large 
drill hits and increased volumes of driffing fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to lar^e variations in hole diameters 
20 drilled in the course of the wall, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weEbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



in the borehole, injecting fhiidic material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel. 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing rasing. A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable Quidic sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole* 
The annular region between the tubular liner and the new section rftiie borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandreL A nan hardenable fhndk material is then injected into the interior 
region of the tubular hnerbelowthe mandrel The tubular liner ia extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular Unar is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable Quidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
inand^ a tubular member, and a shoe. Thesuppoxt member includes a flrstfluid 
passage. The mandrel is coupled to the support member and includes a second 
25 Quid passage. The tubular memberia coupled to the mandreL The shoe is coupled 
to the tubular liner and indu^ a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to nn M *""' aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a sh«, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and Includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an Interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tabular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes position mg a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pressurized 

the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member baring one or more sealing member s 
15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidic 
sealing material The tubular liner i* formed by the process of extruding the 
20 tubular liner off of a mandrel 

According to another aspect of the present invention, a tie-back liner for 
lining an eadsting wellbore casing U 

annular body of cured fluidic sealing material The tubular liner is formed by the 
process of extruding the tubular Knar off of a mandrel The annular body of a 

25 cured fluidk sealing material is coupled to the tubular Una-. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel a tubular member and a shoe. Tbesupport member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and aaexteiter portion. Hie interior portion of the mandrel is drfflabte 
The tabular member is coupledtoto The shoe is coupled to the tabular 



member. The shoe includes a third fluid passage oper&bly coupled to the second 
fluid passage, an interior portion, and &n exterior portion* The interior portion of 
theshoeifldrillflble. 
Brief Description of tlie Drawings 
5 FIG. lisafragmentary cross-i^ond^ 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view ffluflferatrngtha placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG, 3 Ua fragmentary croas-sectional view i^ 

first quantity of a hw -Vr fM" flnidk sealing material tnto the new section of the 
well borehole. 

HQ 3a is BTirrtftfrfrf' g"^«™ y fimBB-Beridnnal viaw fflustratingthe injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the weQ borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the mjection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view ilhiatrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross- sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole, 

FIG , 8 is a fragmentary cross-sectional illustration of the placement of an 
expended tubular member within g^nt*^ tubular member. 

FIG. 9 is a cross-sectional illustration of a prefer red e mbo d i me nt of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croas-aecttanal fflusfration of* wellhnw» including a pair of 

FIG. 10b is a crew-sectional illustration of an apparatus and method for 
creating a tie-hack liner an ft*jnmdiMj» tabular mwnk^ 
5 FIG. 10c is across sectional illiiftUyritni of tfaBptunprngnf a fh^ fn^i^g . 
material into the annular region between the tubular member and the existing 
casing. 

FIG. lOdisa cross-sectional illustration o f the pressurizing of the interior 
of the tubular member below the mandreL 
10 FIG. lOe la a cross sectional Illustration of the extrusion of the tubular 
member off of the mandreL 

out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
16 created using an ezpandible tubular member. 

FIG. 11a is a fragmentary crow ooctional view fflnstrating the drilling of a 
new section of a well borehole. 

FIG. 1 lb is a fragmentary cros^sectkmal view illustrating the placement of 
an embodiment of an apparatus h *"g*»»ff ■ iina^w ^^ fl^ Tlgw g^^j^ 

20 of the well borehole. 

FIG. 11c jjf? t fragmentary rmrn aactional view fflnstrating the injection of 
a first quantity of ahardenable floidic aralmg material into the new section of the 
well borehole. 

FIG. 1 Id is a fragmentary cross-sectional view illustrating the introduction 
25 ofa wiper dart into the new section of the well borehole. 

FIG, lie U a fragmentary creaa-sertfcM^ 
a second T"*itttfr nf n harianahis fhilriln scaling material lulu the licit wOkm of 
the well borehole. 

FIG. 1 If is a fra gment ar y cruss-sectional view fflnstrating the completion 
30 of the tabular liner. 



Detailed Description of the Btostrmtive Embodiments 
An apparatus and method for farming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placuuj a tubular 
5 m^nr**^ and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an ovCTlappingjointtiiat prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an costing tubular member by eipanrifn g the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method farther minimises the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of w^ 

An apparatus and method for forminga tie-back liner using an expandable 
15 tubular member is also provided The apparatus and method permits a tie-back 
Uner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by e x p a ndin g the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
26 embodiment, the interior portions of the apparatus ia composed of materials that 
permit the interior portions to be remo^ 
In this maimer, in the event of a malfta^ 
may be easily removed. 

An apparatus and method for ^"gmg an expandable tubular liner in a 
30 wellbore is also provided. The apparatus andmethodpermitatubularlirjertobe 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 
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Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbcre casing within a subterranean formation will now be 
described. As illustrated in Fig. 1, a wellbore 

fbrmatian 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 180. 

As Illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 asubterraneanforniatfcmisthen 

100. The apparatus 800 preferably »" «*t"wI«m- mandrel nr pig gQ5. a 

tubular member 210, a shoe 216, a tower cup seal 220, an upper cnp seal 225, a 
fluid passage 230, afluidpaaage235,afh^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

mem ber 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
""""N number of conventional commananlly wmMln mrp»n*mhi* irmr»r>nq B modified in 

accordance with the t eachin g s of the present disclosure. In a preferred 
20 emfc»ri?mpnt,therernnnHnbteinand^ top] M 

disclosed in US. Patent No. 6,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 2 10 is suppartedbytheexpandabkmandrel205. The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated firon any 
number of conventional conunenaauy arguable "■■t-.-.i. m „i, flff f^. ^.n^ 
Oilfield Country Tubular Goods (OCTQ), 18 ebrcinhnn steel tubmgtasing, or 
plastic tubmgfcasing. In a preferred embodiment, the tabular member 210 Is 
30 fabricated from OCTG in order to maximise strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
approxiinately0.75to47incl^ In a preferred 
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embodiment, the *™<*r ™ A mtar diameters of the tubular member 210 range fro*n 
about 3 to 15.5 inches and 15 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 T r a pwrfprrwl pmhftHmigiit , 1^ ^ portion 260 of the tulmlar member 210 

is slotted, perforated, or otherwise modified to catch or alow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tabular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20 ,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 j^in plA, Siipflr Spjd TT float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
tffl r hjn gff of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachings of the preeent disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 fn a preferred embodiment, the shoe 215 indndes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
mammr. thft flhrw 21 fr trptimnlly mjtrt* hardenable flnidic anwHnfrmntoial into the 
region outside the shoe 215 and tubular member 210. In a prefe rr e d embo diment , 
the Bboe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or aball sealing member. In this maimer, the fluid passage 240 
can be optimally sealed offby introducing aping, dart and/or ball sealing dements 
into the fluid passage 280. 



-8- 



The lower cap seal 220 is coupled to and supported by the support member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Pwrker 
(SEP) cups modified in accordance with ths teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 compriaeeaSIP rap seal, available 
from Halliburton Energy Services in Dallas, TXmoiuV to optinudh/bkK± foreign 
material and contain a body of lubricant 

10 The upper cup seal 225 is qjoriledtoand supported ly to 

250. The upper eupseal225 prevents foreign m*teriida from mtering the mteriOT 
region of the tubular member 210. The upper cop seal 226 may comprise any 
number of conventional «wm«m*<«ny available nip seals nnch irr. fa- *^™^ TP 
cups or SIP cups modified in accordance with the **>~^e<r of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SEP 
cup, available fhmi Halliburton Energy S 

block the entry of foreign materials and contato a body of lubricant 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular meniber 2 10 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to theaurlace to the bottom of tbe expandable 
inandrel205. The fluki passage 230 is prefsrabrypoai^ 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in tha euBngnmr,™^,^ » f 

operation, to transport materials such aa drilling mud or fon^^ 
rates and pressures ranging from about 0 to 3,000 gauomVmmute and 0 to 9,000 
psi in order to rninimixe drag on the tabnlarmeinberbemgranandtonu^ 
surge pressures erortedon the wellboiewht^ 

30 and lead to hole collapse. 

Thefluidpaaaage235penintofhiM^^ 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 abcrve the tubular member 210 
thereby minimizing surge pressuiwontheweUborasectionlSO. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230 . 

The fluid passage 235 preferably includes a control valve for contro llably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve ia pressure activated in order to controllably minimixe surge pressures. The 
fluid passage 235 ia preferably positioned substantially orthogonal to the centertine 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 pei in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
16 new wellbore section 130. 

Tie fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tabular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a crosa-aecticmal 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block ftirther passage of fhiidic material*. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from theregion exterior to the tubular member 210. This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the center line of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures r anging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fhiidic materials. In a preferred embodiment, the fluid passage 240 
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V *' 

includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this mnriTHrr, the fluid passage 240 can be sealed offby mtroducing a phig, dart 
and/or ball sealing dements m to the OuM passage 230, 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210^ 
of the end portion 260 of the tubular member 210, The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tubular meinber 210 to The seals 246 may comprise 

any number of conventional commprriafly available seals such as, for example, 
10 lead, rubber- Teflon, or epojy aesJa modifi ed m accordance with the teachings of 
the prwrat disclosure. T« . preferred *^^~«^«rt r thft seals frig aro molded from 
StratakK±epoxyavailah^ 
to optimally provide a load be 

tubular member 210 and the end 270 of the exists casing 115 
16 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient fractional force to support the expanded tubule 

existing casing 116. In a preferred embodiment, the factional force optimally 

provided by the seals 246 ranges from about 1,000 to 1,000,000 Ibf in order to 

optimally support the «*p**rt*$ tubular membor 210. 
20 Thefflipportmember260iacom^ 

member 210, shoe 216, and seals 220 and 225. The support member 260 

preferably comprises an annular niember hsvm^ 

apparatus 200 into the new section 130 of the wellbore 100, In a preferred 
embodiment, the mipport member 250 rmHherm^ 

25 centranzers (not illustrated) to help stabiHxe the apparatus 200. 

In a preferred embodiment, a quantity of hibrkant 275 is provided in the 
annular region above the expandable mandrel 206 within the interior of the 
tubular member 210. In this manner, the extrusion of the tubular member 210 off 
of the expandable mandrel 205 iafhrilitatad, Thehjbricaiit275niay 

30 number of conventional conimendauy available tabricants such as, for example, 
Lub riplat^ c h l o™ 

(3100). In a preferred embodiment, the tabricant 276 comprises Climax 1500 
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Antisese (3 100) available from Climax LubricaiitBMuiEquiimientCo.inHouato^ 
IX in order to optimally provide optimum lubrication to facQiate the expansion 
process. 

In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
mmimi2esthe possibfliry «f ftm»ign malarial clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatqs 200 
10 vdthm the new section 130 of tto 

circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreignmaterial interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a 

Quidic sealing material 305 is then pumped from a surface location into the fluid 
passage 280- The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region S10 into the fluid passage 
20 240. The material 305 then eats the apparatus 200 amd fffls tto 

315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 
26 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallonatam, respectively. The optimum flow rate and cmerating pressures 
vary as a Amotion of the casing and wellbore sizes, weDbare section length, 
av ailab le pumping equipment, and fluid properties of the fhridic material being 
p umped The opthnumfkm rate end operato 
30 using conventional empirical m e t hods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardanahle fhridic sealing material 305 comprises a blended cement prepared 
spedfical^fCT the partial 
Services in Dallas. TXm order to oto^^ 
5 while alflo mamtaining optimum flow characteristics bp as to minimize difficult ies 
during the displacement of cement in the ampler region 315. The optimum blend 
of the blended cement la pieforabjy determined using conditional empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 su ffi ci e n t quantities to ensure that, upon radial ex 
2U f the annular regionSlSofto 
with material 805. 

In a particularly preferred embodiment, as illastrated in Pig, 3a, the wall 
thickness and/or the outer diameter ofthe tabular men&er 210 te 
16 region adjacent to the mandrel 206 in order optimal^ permit placement of the 
spparatua200topoaitioM Rirtherznore, in 

this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated 

As illustrated in Kg. 4, once the anmilar region 316 has been adequately 
20 ffi^ with notarial 305, a ph^ 

fluid passage 240 thereby flnidicx/ isolating the interior region 310 from the 
annular region 316. In a preferred embodiment, a npn-hardniable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In t his manne r, the interior of the expanded tubular member 210 will 
25 not c ontain s i gnTflnmt amounts of cured material 906, This reduces and simplifies 
the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes suffidentfr pressurised, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel m may be raised out rfthee 

the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 206 is raised at approximate^ tte 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 

the extnision process is comn^ 

the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The phig405 preferably acts to fhndidy isolate the hnrdenable fluidic 

10 flooHnyfpnt^rttri flflft frrTTTl th» nOD hflr* I » n * K1 * flttidfc material 306- 

The plug 405 map comprise any number of conventional commercially 
available devices from ptaggingaftuid pesaagesuchas > toexampto,Mnltipte Stage 
Cementer (MSG) latch-down phig, Omega latch-down plug or three-wiper latch- 
down ptag modified in accordance mth to I* 

16 a preferred embodiment, the plug 40 5 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX 

After placement of the plug 405 in the flnid passage 240, a nonhardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, fbr example, from, approximately 400 to 10,000 psi and SO 

20 to 4,000 gallomVmin. in this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimized Ina 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the ncm hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging 6xmiapproximatery500to9 > 000psiand40to 

25 gpllqn^ nim fal ™>rf»T> tn wawmirt the «rfcrumgm speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tabular member 210 during the 
expansion process. These effects wfll be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the inner diameter, and the greater thejfeH strength of the tubular member 210, 
then the greater tie operating pressures required 
210 off of the mandrel 206. 

For typical tubular members 210, the extrusion of the tubular member 2 10 
5 off of the expandable mandrel will begin when the pressure of the interior region 
810 readies, tor example, approadmateh/ 600 to 9,000 pm. 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 6 ft/sec. Inapre fa iwd embedment, dnru^tto 
10 process, the expandable mandrel 206 ia raised out of tl» expanded portion of the 
tubular member 210 at rates rsijgmgto 

the time required for the expansion process wlnu also permitting easy control of 
the expansion process. 

Whan the end portion 260 of the tabular niember 210 is extruded ofTof the 

16 expandable mandrel 206, the outer surface 266 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portira2TOoftbecaaingll5tofbr^ The contact 

pressure of the overlapping joint may range, for example, from spproximateh/ 60 
to 20,000 pat In a preferred embodiment, the contact pressure of the overlapping 

20 joint ranges from approximateh/400 to 10,000 pel in order to provide optimum 
pressure to activate the uinular sealing members 246 and optimally provide 
resistance to axial motion to accommodate frr**" 1 and compressive l^ade 

The overlapping joint between the section 4 10 of the existing casing 1 16 and 
the section 265 of the expanded tubular m 
25 and fluidic seal In a particularly i»refBriedimih nritinimt I th> ^i^ c ^ ^ ^ ? ^ 
optimauy provids a fhiidic and gaseous seel in the overlapping joint. 

In a preferred embodiment, the operaldngpreasure and flow rate of the non 
hardenahmfMidk material 306 is con^ 

mandrel 205 reaches the end portion 260 of the tubular member 210. In tins 
30 marujer,tba sudden release of pressure cauaod by 

tubular member 210 off of the expandable mandrel 205 can be mmimised. In a 
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p referred embodiment, the operating pressure is reduced in a substantially linear 

fashion from 100% to about 10%<hiringtheendoftheert^ 

when the mandrel 205 is within about 5 feet from completion of the extrusion 

process. 

5 Alternatively, or in combination, a shock ab sorter is provided in the support 

member 2 50 in order to absorb the shock caused by the sudden release of pressure. 
Hie shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 
Ahernativery, or in combination, am 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is mmplrtpd, the expandable mandrel 206 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expendable mandrel 205, the integrity of the fluidk seal of the 
15 overlapping joint between the upper portion of the tubular meinr^ 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods 

If the Duidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 805 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the weUbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 316 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
th e interior of the expanded *hK"1«m» member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular memb er 210 incra de s one or more sealing members 605 and one or 
more pressure relief holes 610. Inthtfl maimer, the overlapping joint between the 
lower portion 270 of the caring 115 and the upper portion 260 of the tubular 
5 member 210 it pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalised during the extrusion process. 

In a preferred Embodiment, the Beefing mem ber* 605 are seated wi thin 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tabular member 210. In an alternative preferred embodiment, the sealing 
10 membera 605 axe bonded remolded on^ 

260 of the tabular member 210. The pressure relief boles 610 are preferably 
positioned in the last few feet of the tabular member 210. The pressure relief 
ho lea reduce the opexattogpttessurea required to 

the tabular member 210. ITusreduetkram required operating pressure in turn 
15 reduces the velocity of the mandrel 206 upon the completion of the extrusion 
process. This reduction in -wdnrifr fa tarn mfarfm™^ the ™~*«Tiirwl t P the 
entire apparatus 200 upon th» r^mpi.*^ ft f the frtrugion procom. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a weUbore preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, afloat shoe 720,alow cup seal m, an upper cup seal 730, 
a fluid passage 735, a fluid passage 740, a support member 745, a b(xly of lohricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The fopareiable mandrel 705 ia coupled to and supported by the support 

member 746. The expandable mandrel 705 is farther coupled to the expandable 
mandrel container 710. The expandable mandrel 705 in preferably adapted to 
controllabiy expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable mandrels 

30 modified in accordance with the teaching nf tfw> pr«>^* ^-i^mn-p In a preferred 
embodiment, the expandable mandrel 705 comprises a hydraulic expanaion frwl 
substantially as disclosed in UA Pat No. 6,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 ia further coupled 
5 to the expendable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
auch aa, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 ia fabricated from material having a greater strength than the 
10 material from which the tubular member 715 ia fabricated. In thia manner, the 
container 710 can be fabricated from a tabular material having a thinner wan 
»^i>Wtw« than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weUbore. 
In a preferred embodiment, once the expansion process begins, and the 
15 thicker, lower strength material of the tubular member 715 is amended, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 ia preferably expanded in the radial 
20 direction and extruded off of the expandable mandrel 705 substantially aa 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTO), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 
25 In a preferred embodiment, the tubular member 716 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
mtermediate section 810, and a lower section 815. The upper section 805 of the 
30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tabular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
b eginnin g in the vidnity of the mandrel 825 of the 

5 tubular member 715. 

In a preferred cmbodto 
the tubular member 715 is greater than the vail thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
fadhate the initiation of the extrusion process and optiin 
10 700 to be positioned in locations inthe wdlboreha^ti^clearmice^ 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for axainnb, from abort LOS to 48 inches and ^ 
to 2 inches, respectively. Iu a pr e fe rr e d embodiment^ the outer diameter and wall 
thickness of the upper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 8/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 8 10 of the 
tubular member 715 may range, for example, fixmi about 2^ to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 716 range 
20 from about 3.6 to IS indies and 1/8 to L25 hx»hf»i, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, teexannae. torn abort 

to 1J£6 inches, respectively. In a profaned mniwwtiwwm^ the «i?t»r rfi«~ t»n» «nri 
wall thickness of the lower section 810 of the tubular member 715 range from 

25 about 8.5 to 19 inches and 1/8 to 125 inches, reepectivery. In a particularly 
preferred embodiment, the wall t hicknes s of the lower section 815 of the tabular 
member 715 is further increased to tacrease the strength of the shoe 720 when 
drillable materials such as, for example, ahimhium are tised 

The tubular member 715 preferably comprises a solid tabular In 

30 aprefaTed embodiment the and portion flgft ntth* tni™!-^^^ 77 fi ^ pit^t^ 
perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes the extrusion of tubular member 715. In a prefbred embodiment, the 
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length of the tubular member 7 1 5 is limited to minimize tte 

For typical tubular member 715 materials, the length of the tubular member 715 

is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a pr e fer red 
embodiment, the shoe 720 further includes an Inlet passage 830, and one or more 
jet porta 835. In a particularity preferred embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch^own dart, or other sunQar 
elements, far blocking the inlet passage 830. The interior of the shoe 720 

10 preferably tochides a body of loHri material 840 for increasing the strength of the 
shoe 720. In a particularly pr e ferr ed embodiment, the body of solid material 840 
c omp rises aluminum. 

The shoe 720 may comprise any number of conventional cammenaaHy 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a seeling sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a p r efe rred embodiment, the shoe 720 
comprises an aluminum down*jet guide shoe with a Healing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure* in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular m^n lwr 71 P m$ f» ■^■fciTy— ^Hy»rft casing, and fr* optimally fteBiata the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 
The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals audi aa, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosu r e. In a preferred 
embodiment, the lower cup seal 726 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 



The upper cup seal 730 is ooupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup geal 730 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present disck>sura In a preferred mil hodirm-nt. the upper cup seal 
730 comprises a SIP cup available from BaJHburtonEite^SsrvioesmDaUaa.TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits fluidic material! to be transported to and 
10 frra the interim regiontftbe 

705. Hie fluid passage 785 iaOnidkly coupled to the fluid passage 740. The fluid 
passage 785 is preferably coupled to and poaitomed withm the support mernber 
760, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends fcmi a position adjacent 
15 to the surface to the bottom rflhe expendable mandrel TOfi The fluid if ftfwige 735 
is preferably positioned along a centeriine of the apparatus 700. The fluid passage 
735 is preferably selected to transport niateriala such as cement, drining mud or 
epoxiea at flow rates and pressures ranging from about 40 to 3,000 gaUous/minute 
and 500 to 9,000 psi in order to provide sufficient operating laxasuiee to extrude 
20 the tubular member 715 off of the expandable mandrel 705. 

At described above with reference to Flga 1^ 6*rmg 
apparatus 700 within a new section of a weflbore, fluidic materials forced up the 
fluid passage 736 can be released into the waHbore above the tubular member 715. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260. The 
pressure rtdeaae passage is rart^ The 
pressure release passage preferably includes a content valve for contraOably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activatedmordin-to The 
30 pressure release passage is preferably positioned substantial^ cr^ 

centeriine of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to wiitiiTnigc surge pressures on the new wellbore section. 

The fluid passage 740 permits flnidk materials to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidk communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other sfanOar device, to be placedin the inlet 830 of the fluid passage 740 

10 to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fhudicfcr isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 betow the expandable 
mandrel 205 to be pressurized. 

16 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey m aterials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUons/minnte and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section ofawdlbore with fluidk material* In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a b all sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further includes one or more 

aaals 645 coupled to and support ed by the end portion 820 of the tubular member 
715. The seals 845 are farther positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
n umber of conventional commercially available seals such as, for fnrample, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 
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present disclosure. In a profa n ed embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
6 existing easing with optimal bad bearing capacity to support 
715. 

Inapreferred embodiment, the seala 845 are selected to provide 
fictional force to support the expended tubular member 715 from the existing 
easing, fa a preferred embcdfae^ 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tabular member 716. 

Th« support member 746 upiefa 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
16 700 mto a uot section oft wellbora The support member 746 may compriseany 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the tearhfngB of the present disclosure. In a preferred 
embodiment, the supporting 
20 from various stedxnills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 716. Inthi»Tmmi)m\tto 

off of the expandable mandrel 705 is facilitated . Tue lubricant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine baaed lubricants, oil baaed lubricants, or CBmax 
1500 Antisiese (3100). In a preferred «m>v»***nmt ) the *"M?fmt 750 comprises 
Oimax 1600 Antisiese (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to fedliate the extrusion 
30 process. 

The overshot connection 755 is coupled to the support member 745 a^ 
support member760. The overshot connects 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 766 may comprise any number of conventional c omm ercially availabl e 
overshot connections such as, for example, Innerstrmg Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 pre f erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 750 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a weHbot*. The support member 760 may 
comprise any im^h— * of conventional commercially available support members 
such ftg^ ffrr « Ky™pl«i A drfll pipe, coilad tubing or other high strength tubulara 
inodifiedm accordance with the teada^ In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe availab le 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling ofthe tubular member 715. The stabilizer 765 m*y com 
of conventional commercially available stabilizers such as, for example , EZ Drill 
Star Guides, packer shoes or dragblocksinodifiedm 

25 of the present disclosure. In a preferred embodiment, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment the support members 746 and 760 are 
thoroughly cleaned prior to assembly to theremamingportioMoftta 
30 700. Tn manner, the introduction of foreign material into the apparatus 700 
is minimised. This minimizes the possibility of foreign material dogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 

within a new section of a wellbore, a ample of wellbore volumes axe circulated 
through the various flow passages of the apparatua 700 in order to ensure that no 
foreign materials are located within the wellbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material mterferea with the expa^ 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1*7 to forma new section of casing within 
a wellbore. 
10 AsiIhistratedtoFig.8,mana 

and apparatus described herein is used to repair en existing wellboiecsstog 805 
by forming a tubular liner 810 of the ezu^ wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred wnbodiment, any number of fluidic 
15 materials can be used to expend the tubular hner mo fato intimate contact with 
the damaged Bection of the weflbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both endsof the tubular member in order 
to optimally provide a fluidic aeaL In an alternative preferred embodiment, the 
20 tubular lmer 810 is tonnedwithm^ 

as those used to transport h v dr oc sA bomior water, with tiw tubular h^ 
in an overlappingrelationflhip with the adjacent pipeline flection. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 
25 In another alternative preferred embodimaiit, tb* m 

described hereto is ueedtodroc^ ^ 
pi efeired wnbodlment, an outer annular lming of cement is not provided between 
the tubular bW 810 end the wellbore. Ia the alternative preferred embodiment, 
any number of fluidic materials esn be used to expand the tu^ 
30 nitimato contact with the v«lW 
or drilling mud. 
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Referring now to Figs. 9, 9», 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weHbore casing includes an expandable tubular 
member 902, a support member 904, an eipandiblemaiulidoTpig906,andaBhoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 

6 and shoe 908 permits easy removal of those elements by drilling 
mapper, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandable tubular member 902 preferably indudes an upper portion 
910, an intermediate portion 912 and a low portion 914. During operation of the 

10 apparatus 900, the tubular member 902 igp 

906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 prefers^ 

In aparticulariy preferred em 
is coupled to the upper portion 910 of the expandsbl* tubular member 902. During 

IS operatkm of the apparatus 

ofthemaiidrel 906 by pressurising tte 

902. The tubular member915 preferably baa a s u bst anti al ly annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 916 is 
greater than the wall thfrfrp*™ of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available raft*™*" audi as, for example, oOfield 
tubularSy low alloy steels, titanium or stainless steels* In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulara in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 

25 Inapartkailarly preferred em^^ 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yieU The tubular 

member 915 may comprise a plur^ 
In a preferred embodhnent, tto 

30 915 includes one or more sealing members for optimally providing a fluidic and/ox 
gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tubular members 
902 and 915 are limited to miniTnize thepoeaibility ofbuckling. For typical tubular 
member materia the 

limited to between about 40 to 20 v 000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 963. The intermediate portion 912 of the 
tubular member 902 preferably Is placed in intimate sliding contact with the 
mandrel 906* 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available each am, for example, oilfield 

tubularikmal^ In a preferr^ embodiment, 

the tubular inember 902 ia fabricated 

pgoride approra ata^ propertiefl aa the tabular member 915. 

In a particularly preferred fanhodftnCTtr tha tnbularmemW 009 haa ■ p^ ftq f^ r yj^ j 

15 point ranging from about 40,000 to 185,000 pai in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

Tb» wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 9 14 of the tubular member 902 may range, tor example, from about 1/lB to 1 .5 
inches. In a preferred anmodiment, wall Ws ft flf thft Tippgr, intonnodinte, 

20 anl lower portkma,9^ 

V8 to 1-25 in order to optimally provide wTi thickness «~ «bpttt thft wm » as 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
tower portion 914 ia leas than or equal tp frm *^\] thirknpfw of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhole. 

The outer diameter of the upper, intermediate, and lower portiona, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred einbodiment. the outer diamatgr nf th*» iipr*>r, Ent^rm A<ti«f*> 
and lower portions, 910, 9 12 and 914 of the tubular member 902 range from about 
30 3 Mi to 19 inches in order to optimally provide the ability to expand the moat 
common^ used oilfield tubular*. 
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The length of the tabular member 902 ia preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 commtfriaDy available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
amiprisesOilfieMCo^ 

The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 present disclosure, InaprsfaiTod embodiment, the tu^ 

Oilfield Country Tubular Goods avtilab le from various UfL steel mill*. 

The various elements of the tubular 
number of conventional pr oc ess such as, for example, threaded connections, 
welding or twarhinmi from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end The various elements of the tubular member 915 may be coupled using airy 
n umber of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member915 may comprise a plurality of tubular elements ib^ 
end. The tubular members 902 and 916 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piec e . 

25 The support member 904 preferably includes an innerstring adapter 916, 
a Quid panage 918, an upper guide 920, ami a c During operation of 

thespparatus900 l the support member 904 pxefei^ supports the spparatus^ 
during movement of the apparatus 900 within & wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 



embodiment , the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength, 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string rapport from a surface location. The mnerstring adaptor 
6 916 may be counted to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 isprefernbfru^ 
to and nx>m the apparatus 900. In a preferred embodiment, the fluid passage 918 
iafluididycoiipledtotte In a prfmrf embodiment, thn fluid 

10 paasage918iagaedtocon^har<^ 
apparstosOOO. Inaperttadarfr preterm 

include one or more pressure relief passages (not illustrated) to release fluid 

pressure dhmng portioning of tte In a p ro fan ed 

embodiment the fluid passage 91B ia positioned *l<mg * kmgitudina] centerhne of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 ia selected 

to permit the conveyance of hardenabte fluidic materials at operating pressures 

ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion ofthefiupport member 

904. The upper guide 920 preferabry is adapted to cmter the support member 904 
20 within the tubular men^ Theupper guide 920 may comprise any number 

of comentbnal gnJde inamhm 

present disclosure. In a preferred embodiment 

iimerBtringadapter available fi^ 

to optimally guide the apparatus 900 within the tubular member 915. 
25 ^couplmg 922 couples the suppo^ The 
coupling 922 prefaahfr comprises a cawentfanal threaded connection 

The various elements of the support member 904 may rje coupled ushig any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are counted using threaded 
Themandr^906prefi^ 
expansion cone 928, a lower cone retainer 930, a bod^ of ce^ 



934, an extension Blew* 936, a spacer 938, a housing 940, a sealing aleeve 942, an 
upper cone retainer 944 t a lub ricator mandrel 946, a lubricator aleeve 948 , a guide 

960, and a fluid passage 962. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
fbrei^ materials into the interior 

rubber cup 926. The rubber cup 928 may comprise any number erf conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a pr e fe rred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred r*!?*™^™*™* a body of lubricant is further 
provided in the interior region 972 of the tubnlar member 9Q2in order 

20 the interface between the exterior surface of the mandrel 902 and the interior 
Burface of the tubular members 902 and 916. The hibricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lub riplate, chlorine based lubricants, oil based lubricants or Climax 1500 Antiaeixe 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide hibrication to faciliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936; the 
the upper cone retainer 944. In a preferred embodiinent, during operation of the 
SO apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansio n cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, houaing940 
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and the upper cone retainer 044. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944, 

The expansion cone 928 preferably has a sobstan^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a p re fe rred embodiment, the wall 
thickness of the expand cx^ 

to optimally provide adequate compressive afarmgtfi with mmkii materi al The 
10 maximum and minlmmn otitajda di*m«fc»f fifth* ofjwif^n www w>A rr y^ y r^ g w 
for example, from about 1 to 47 inches, fa aprefarred ^^fa^^ themarimnm 
and minimum outside diametcn 

to 19 in order to optimally provide fnrr^i^ afp*ner*lhr*Tr*n a hu ^ffi rtri tnhnkro 
The expansion cone 928 may be fabricated from any number of conventional 
16 commerdallyavailablfi materials su^ 

or low alloy steeL In a preferred mnhnrlmi nt, the «*r»™«gm, pgg fa fabricated 
from tool steel in older to optimalry provide hi^ 

The surface hardness of the outer surface ofthe expansion cone 928 may range, to 
example, from about 60 Rockwell C to 70RockwellC. In a preferred embodiment, 

20 the surface h a rdne ss of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surfece and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

26 The lower cone retainer 890 is coupled to the expansion cone 928 an d the 
housing940. In a preferred embodiment, axial movement of the expansi on cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross section. 

The lower cone retainer 930 may be fabricated from air/ number of 

30 conventional commercially available materials snch as, far example, «w yrwfa> tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, far example, from about 50 Rockwell C to 70 
Rockwell C. In a prf fr rmi ttn bA dH *!* , the *urfor*> hardness of the outer surface 
of the krwer cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body In order to optimally provide abrasion resistance and 
fracture toughnes* 

Ina preCra c d einbod^ 

10 cone 928 axe formed as an integral coe-piece element in order reduce the number 
of componenta and increase the overall atrcngth of the apparatus. Hie outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

Ita body of cement 932 is positioned witmn the intacioroffhe mandrel 906. 

15 The bodyof cement 932 provides an mner bearing structure for t^ 

The body of cement 932 further may be easuy drilled o^uahiga conventionale^ 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional driPing device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement (impounds. Alternatively, aluminum, cast iron or 
lomeotberdrillableine 

for cement The body of cement 932 preferably has a substantially annular qroas- 
section, 

The lower guide 934 is coupled to the extension sleeve 936 and housmg 940, 
25 During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a sobstantially annular eross' section ■ 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubular*, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 



The outer surface of the lower guide 984 i^erabJy mates with the imier surface 
of the tubular member 902 to provide a rf^ing fit 

The extenmoa sleeve 936 is coupled to thekrwerguib^9S4andthelH)usinff 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 prelerab^ has a substantially an^ 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for «*amp te, oilfield 
tubulara, low aHoy steel or stainless steel In a preferred embodiment, the 
10 extensio n i le eve 936 is fabricated 

highyield strength. The outersurfaceof the rrtenskm sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a «Kd4ng fit. i na 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed aa an integral one-piece element in order to minimise the n umbe r of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a rnihrtantiiTly annular crop-section. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred imbo^ in 
order to optimally provide drillability. The end of the spacer 938 preferably mates 
25 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are formed as an integral one-piece dement in order 
to reduce the number of component 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation of the apparatus 9M^ 

motion of the expansion cone 928. Profitably, the houang 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield lobulars, low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

5 preffrrr^ f™ V^™™* lm»*r guide 934, ettanflion sleeve 936 and housing 940 
are formed as an integral one-piece element in order to Tninrmite the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 indndes one or more protrusions to fadUate the connection between the 

10 housing 940 and the body of cenent 932. 

The sealing deeve 942 is coupled to the support member 904, the body of 
cement 982, the spacer938, and the upper cone retainer 944. During operation of 
the apparatu s, the pealing sleeve 94& preferably provides support for the mandrel 
906. The sealing sleeve 942 is prefendDry coupled to the su 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
CRMs-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, ahxminnm or cast 
iron. In a preferred embodiment, the sealing deeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or m o re protrusions to faciliate the connection between the 
sealing sleeve 942 and the txxry of ce men t 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to mfomrii e the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 pr^ 
30 cone 928. Preferably, the upper cone retainer 944 has a substa nti al ly annular 
cros s sec tion. 
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Tha upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials audi as y for example, steel, 
aluminum or cast iron, to a preferred embodiment, the upper cane retai ner 944 
is fabricated from ahuninum in order to optimally prov^ 
6 cone retainer 944. 

to a particularly preferred embodiment, the upper cone retainer 944 has a 
croeMBCtianal shape designed to provide increased rigidity, to a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimis* the 
10 amount of material that would have to be drilled out 
TbetohricatormaadxB^ 
926, the upper cone retainer 944, the rubricate sleeve 948, snd the guide 960. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for rubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular carwa-sectio^ 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commerdaUr available materials such as, for example, steel, 
aluminum or cast iron, to a preferred embodiment 
20 fabri ca te d from aluminum in order to optimally provide drfllabOity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, tb* rubber m 

948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 

al *~ Mff hm a ■nhntimtiiilfr nnnnTm r nun m llun 

The lubricator sleeve 948 mary be fabricated from any number of 

conventional commercially available materials such as, far example, steel, 

aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
80 fa bricated from aluminum in order to optimally provide drillabilfly of the 

lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 9 2 6 to the lubricator sleeve 948 . In 
n pr*Vrail cmh ft rfimwrf . pmlfl <UQn anil 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tabular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member^ Preferably, the 
10 guide 950 has ft substantia^ 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment* the guide 950 is fabricated from aluminum 
order to optimally provide drillahility of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 962 preferably conveys hardenable fiuidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly p re f erred embo diment , the 
fluid passag e 952 is adapted to convey hardenable fiuidic materials at pressures 
20 B*dfkm rate raiiging from 
tooptunanypnrrideprw 
the installation of the apparatus 900. 

The various plfrrmnta flf t h » ™* ™y he coupled using anv number 

of conventional process such as, for example, threaded connections, welded 
25 CTnneftiOTiB^r'^^^g Tn * pr^farrpd frmhodiment. the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

914 Of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lcrwer portion of the tubular member 902 to the 
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shoe 908 to facilitate the extrusion and pomtian hi g of the tabular member 902 . 
Preferably, the housing 954 baa a substantially annular cross-section. 

The boosing 954 may be fabricated from any number of conventional 
commercially available materials anch aa. far Fvamp]* , steel m* aluminum In a 
6 preferred pmbodimmt, the housing 954 is fabricated from aluminum in order to 
optimally provide drillabaitj of the housing 954. 

Inaperticularty preferred en^ 
954 i nc lud es one or more protrusk^ 
of cement 9S6 and the housing 964. 
10 Thebod>ofceiDent9Misq 

968. In a preferred embodiment, the composition of the body of cement 966 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling maclnn eg omA processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, ahnninnm or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the bo4y of cement 96% t the extension 
tube9TO, the nuH passage 962, andonerc During operation 

20 of the apparatus 900, the seating sleeve 968 preferably is adapted to convey a 
hardenabfefflridic material from the fbid passage 9Q into the fluid passage 962 
and then into the outlet jets 964 in order to ii^ the hardenablefMdic material 
into an annular region external to the tubular member 902. In a preferred 
emhoritmftnt, durmg operation of the apparatus 900, the sealing sleeve 958 farther 

25 includes an inlet geometry that permits a conventional ptag or dart 974 to be^^ 
lodged in the inlet of the sealing sleeve 968. In this manner, the fluid passage 962 
may be blocked thereby fluidkfy isolating the interior regkm 966 tf 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cross-section. Thesealmgaleeve958ma^ 

of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealmg sleeve 958 is 
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~~ fabricated from aluminum in order to optimally provide drillabihty of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 g eome try that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
then^ fluidic^ isolate region 968 of the tubular member 902, In 

i prefer re d embodiment , one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faoliate the transfer of niaterialta 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 xnay be ftori 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment* the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide driflabihty of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the e xtension 
tube 960. and one ot more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materia l s , In a 

25 preferred embodiment, the fluid passage 962 is portioned about the centeriine of 
the apparatus 900. In a particularly pr^enredembodmient,tto fluid passage 962 
is adapted to convey hardenable fluidic material* at pressures and flow rate 
ranging faun about 0 to 9,000 pal and 0 to 3,000 gaUona^n in order to optimally 
provide fluids at operationally efficient rates. 

30 The outletjets 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
j ets 964 preferably convey hardenable fluidic material from the fluid passage 962 



y 

to the region exterior of the apparatus 900, In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964* 

In a preferred embodiment, the outlet jete 964 comprise pe^sages drilled m 
the housing 954 end the bod|y of cement 966 in order to sniqiUfy the constnietUm 
5 ofthe apparatus 900, 

The various elemen t s of the shoe 908 may be coupled using any n umber of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment* the a 

described above with reference to Figs. 14 to create a new section of casing in a 
weHbore or to repair a wellbore casing or pipeline. 

In particular, to oitto 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section* 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section ofthe wellbore. In a particularly 
preferred embodiment, fcha apparatus 900 includes the tabular tn«mfrp r gig ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a suito location into fhe fluid pasatge 918. The 
hardenable fluidic sealing material thm passes from the fluid passage 918 into the 
interior regkm 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing m region 966 into 

the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior ofthe tubular member 902 and the intmtowafl ofthe new section of t^ 
wellbore. Oontannedpumpingofthehard^ 
material to AH up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates rangitigjor exan^e, from about 0 to 
5,000psiimd0tol£00galloi^ Inapre&rred embodiment, the 

hardenable fluidic sealing material is pumped into the annular region at pressures 
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and flow rates that are designed for the ipeciflc wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulatirig pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The ***T*mn*M* fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epory. In a pre f erre d embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 i pfrifkyifr for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also optimal flow characteristics so as to minimize 

operational during a™ displacement *f *h« cement "* tha annular 

region. The optimum composition of the b tended cements is preferably determined 

15 using conventional empirical methods. 

The annular regkm preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section ofthe wellbore win be 
filled with hardenable material. 

20 rw» the lar wtgfan h«« adequately flikd with hardenable fluidic 
sealing nnftrM, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicry isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other simOar device, preferably to 
introduced into the fluid passage 962 by introducing the ph^ or dart 974, or other 
similar device into the non hardenable fluidic material* In this manner, the 
amount of cured material within the interior ofthe tubular members 902 and 916 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off ofthe mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. Durixigthisextrufikmpm 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

mtroducmgthephigordart 

a conventional manner. The plug or dart 974 may comprise any number of 
conventional commerdalry available devices for pJ"gg™ff a fluid passage such as, 
for example, Multiple Stage Cementer (MS© latch-down pmg, Omega latch-down 
10 plug or three- wiper latch do^ 

the present disclosure. In a preferred mbodimen^ 

aMSC latch-down plug available from HamlmrtonEnergTSerd^^ n Q lu, TK 
After placement of the plug or dart 974 in the fluid passage 962, the non 

hardenable fluidk material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximate 600 to 9 P 000 pd and 40 to 

3,000 gauons/min in order to optimally extrude the tubular members 902 and 915 

off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 

members 902 and 915 off of the expandable mandrel witt begin when the pressure 
20 of the interior region 966 reaches approximate^ 600 to 9,000 pal In a preferred 

embod i men t, the extrusion of the tubule 

906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 p« with a flow rate of about 40 to 125X) gallonsAmnute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, lxom about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion 
proceaa, the mandrel 906 is raised out of the impended portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 fVeec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

SO permit fiill expansio n of the tubular members 902 and 915 prior to curing of the 
hardenable fluidk sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular membCT 
916 win preferably contact the interior surface of the lower end portion of the 
F TigtiTig casing to form an fluid tigiit overlapping joint The contact pressure of the 

5 overlapping joint may range, for example , from approximately 50 to 2 0 ,000 paL In 
a preferred embodiment, the contact pressure of the o veriappin gjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from m tnn ji'H»t»fr 4™ tn 1 (1,000 pm in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 

10 the tabular member 915 and existing weDboracaaingwffi c ar ry typical tensile and 
compressive l oads. 

In a pr c fe iied embodiment, the operating pressure and flow rate of the non 
hardenable flnidic material wOl be controllab tjr ramped down when the mandrel 
906 reacheetheupperend portion of the tubular member 915. In this m a nner , the 

15 Hidden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning whan 
the ™«™hr 1 i^mpi^t^ approximately all bat i««* * fe*t of the 

20 extrusion process. 

In an alternative preferred embodiment, the operarting pressure and/or flow 
rate of the hardenabl e fluidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases of the operation of the apparatua 900 to 
minimise s hock 

25 Alterna£rvery,ormcc^ 

member 904 in order to absorb the shock caused by thie sudden release of pressure* 
Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at l e ast decelerate the mandrel 
906. 

30 Once the extrusion process ia completed, the mandrel 906 is removed from 
theweflbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overiappingjoint between the 
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upper portion of the tubular member 915 and the fare portion of the easting 
casing ia tested using ronventwi^ If the fluidic seal of the overlapping 

joint between the upper portion of the tubularmembcr 916 and the lower portion 
of the existing caring » satisfectoiy, then the uncurad portion of any of the 
6 hardenable flnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Tim hardenahlefluidic sealing materi el 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wdlbore is then allowed to cure. 

Preferably any remaining cored hardenahlefluidic sealing mat erial wfthin 
10 the interior of the expanded tabular mambera 902 art ^ 

amvcutional maimer using a convent The resulting new section 

ofcagpgprefcrabfrlnduito 

outer annular lawyer of cured hardenable flnidic sealing materi al Hie bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 namg convmtimijil drilling mMtwfc 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 torn the mtarior of the w 
to a malfunction. Inthfadrromstance,^ 

out the interior sections of the apparatus 900 in order to fiwdlitatet^ 
20 the remaining sections In a preferred embodiment, the interior dements of the 

spparatas 900 are fabricated fttnn nwtertab andi aa> for example^ cem^ 

aluminum, that permit a conventional drm^^ 

interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections ofths mandrel 906 and shoe 9^ 

cement 932, the spacer 938, the sealing sleere 942. the upper cone retainer 944, 

the hibricato mandrel 946, the Id 

954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methoda and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to FigB. 10a, 10b, 10c, lOd, lOe, 10f; and lOg a method and 
apparatus for creating a tie-back Hner in a weUbore will now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a Grst casing 1004 and a second casing 1006- 
6 The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annulns 1010. The second casing 1006 preferably i nclude s a tubular liner 1012 
and a cement annuhis 1014. In a pre f erred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described sbove with 
reference to Kg* l-9c or below with reference to Figs, lla-111 

10 In a particularly piwfcu e d embodiment, an upper portion of the tubular 

liner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig, 10b, in order to create a tie4iack liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1 105, a 
tubular member 1110, a ihoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1146, and a 

20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to snd supported by the 
support member 1150. The expendable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in aecordanffr wit** +V t^hingn nf th*jm*mt disclosure. In a preferred 
embodiment, the expandable mandrel 1 105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS, Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 11 10 is coupled to and supported try the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 maybe 
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fabricated from any number of materials each «s» far example. Oilfield Country 
Tubular Goods, ISchromima tnhing or plastic piping. In apreferred embodiment, 
the tabular member 1110 as fabricated from Oilfield Country Tabular Goods. 
The inner and outer diameters of the tubular member 1110 may range, for 
5 example, from approximately 0.75 to 47 indies and 1.06 to 48 inches, respecti^. 
In a preferred embodiment 

1110 range from about 3 to 16.5 inches and 3.6 to 16 indies, respectively in order 
to optimally provide coverage for typical oflfWd caning sixes. The tubular member 
1110 preferably compriaes a solid member. 
10 In a preferred emhodimgnt, the upper end portion of the 

1110 it dotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tabular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
minimize the possibility of buckling. For typical tubular member 1110 materials, 
15 the length ofthe tubular member 1110 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1116mxuudes the fluid passage 11S6. The shoe 1115 may 
compriae any number of conventional commercially available shoes euch as, for 
20 example, Sap» Seal Afloat shoe, 

with a sealing sleeve for a latch down ping modified in accordance with the 
teachings of the present disclosure. In a preferred enAodiment, the shoe 1115 
comprises an a hunhnim down-jet guide shoe with a sealing sleeve for a latch-down 
phig with side ports radiating off of the exit flow port available from Halbnurton 
25 Energy Services m Dallas, TX,i 
present disclosure, m order to opth^ 

overlap between the tubular member 1100 and^eaang 1012, opthnalfyfhiididy 
isolate the interior of the tubular member 1100 after the bitch dewn plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion ofthe 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 inctndes one or more side outlet 
ports 1140 in fluidk oommunication with the fhrid passage 1185. In this manner, 
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the shoe 11 15 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed crffby introducing a plug, dart and/or ball raaling elements into 
the fluid passage 1180. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of convrationalcommeiTially availabbcupBea^ 
such aa, for example, TP cupe or Selective Injectton Packer (SIP) cupa modified in 
accordance with the teachings of the present disclosure. In a p re fe rred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 bekm the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably portioned along 
a centexiine of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 galkms/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fhrid pwfffflgft 1 1 flEpwrmHafloMfciMtPriai* tobe transmitted fromflnid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
co mmunicat ion with the interior region of the tubular member 1110 bekm the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape thatpennitsapiug, or other smiilard^ice, to be placed m the fluid 
passages 1140 to thereby block further passage of fluidie material*. In this 
manner, the Interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. This permits ^mterkir region of ^ tuhclar member 1110 below 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably affected to convey materials 
10 such as cement, drilling in^ 

about 0 to 8,000 gmllona/minute and 0 to 9,000 pai in order to optimally AH the 
annular region between the tubular member lUOaiid the tubular 
fluidie materials. In a preferred embodiment, the fhiid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by fotroduting a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 11 15 includes a single 
mlet passage coupled to the fluid ps 
20 or other similar device, to permit the mterior region 
to be fluididy isolated from the extern of the tubular m 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The eeab 1145 are further poaM 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlappingjoint between the upper end portion ofthe casing 1012 a^ 
end portion of the tubular member 1110 to be fhndtc^r sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber. Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals molded from Btratalocfc epoxy av ailable 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulic seal in thfioverlappi^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufnaentfirictionalfoite to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a pi^erred embodiment, the frictioiial force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 M in tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1106, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into tbe wellbore 1000- In a preferred embodiment, the auppart 
member 1150 further includes one or more conventional centrabsers (not 
fllufitrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lu bric a nt 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. Inthismanner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiseize (3100). 
20 In a preferred cnu^odhnent, the lubricant 1150 co mpri ses Climax 1500 Antiaeize 
(3 100) available from Climax Lubricants and Equipment Co. in H ousto n , TX in 
order to optimally provide lubrication for the extrusion process. 

Ina pref e r red embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus HOP ismhiimised. 
This rvtytm™* the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure thrt no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly pre fer red embodiment, the apparatus 1100 includes a 
SO packer 1155 coupled to the bottom section of the shoe 1115 for fluidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fiuidk 
m at e ri als are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZDrfflP 
5 Dallas, TX. In an alternative embodiment, a high gel strength pill may be set 
below the tie-baiiinpUcerfthepacker 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbcre 1 1 00, a couple of weHbore volumes are circulated in order to 
10 ensure that no ibreiga materials are loca^ wtthhi the weilbore 1000 that mtfit 
dog up the various flow passages and verves of the ap p ara t u s 1100 and to ensure 
that no foreign material interfe r e s with the operation of the expan s ion mandrel 
1105. 

As fflustaated in Fig. 10c, afaardenable fluidic sealing material 1160 is then 
15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular 

The material 1160 then exits the apparatus 1100 and fills the annular region 
20 between the exterior of the tubular member 1110 and the interior waD of the 
tubular liner 1008. Continued p umping of the material 1 160 causes the m a teria l 
1 160 to fill up at least a portion of the i^f^at region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
25 gallonaftnin, respectively. Inspi^ffi^ M iwW«mim^^ m fftfTlfil 116ft is pumped 
into the annular region at pressures and Sow rates specifically designed for the 
caging sixes being run, the annular spaces being filled, the pumpin g equipment 
available, and the p roper tie s of the fluid being pumped. The optimum flow rates 
and preamres at* prafarnhly t^UifttH Tiffing rmiYfmtifmn] fmpirirfil methods. 
30 The hardenable fluidie sealing material 1160 may comprise any number of 
conventional commercially available hmrAmnAU flpjdte pealing metadata su ch as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
memb er 1110 while maintaining optimum flow characteristics so as to nrinrnriift 

5 flpwpHrwml difficulties during tt>f djfip1«™»mgnt nfggmmt in the annular region. 

The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 

10 annular region will be filled with material 1160. 

Aa illustrated in Fig. lOd, once the annnlar region has bee n adequately fitted 
with material 1160, one or more phiga 1166, or other similar devices, preferably 
,re introduced into the fluid passages 1 140 thereby fluidkty isolating the interior 
regionof the tubular member 1110 from the animlar region external to the tubular 

15 member 1110. In a preferred embodiment, a Mn^^ 

is then pumped into the interior region of the tubular member 1110 betow the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embc<iiment t theonerc 

into the fluid passage 1140 with the introduction of the nan hardenable fluidic 
20 materiaL In this maimer, the amount of hardenable fluidk material within the 
interior of the tubular member 1110 ia minimized. 

Aa illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tubular member 1110 is ertruded c« of the erpandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
26 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the teaching* 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1106 hiving a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hsHmshle fluidlc material 1161 ia preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1106 at pressure* and flow rates 
ranging from approximate*? 500 to 9,000 psi and 40 to 3,000 galk>na/min< 
In apreferred embodiment, after placement ofthe piny U65 in the fhrid passages 
1140, the non hawtenahle fluidlc material 1161 is preferably pumped into the 

10 interior region ofthe tubular member 

and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallonaftnin in order to optimally provide extrusion of frplcal tubulars 

For typical tubular members 1110, the extension of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 

15 interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 8500 peL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psi. 

20 Daring the extrusion process, theexpandabtemazuiielllOSmayben^ 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec In a p r efei ie d embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates langtngfrom about 0to2ft^ in order to op timally 

25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process nffl be completed before the material 1160 cures. 

In a preferred embodiment, at least a pcrton 1180 erf the tubular monber 
1 110 has an internal diameter less thantha outside diameter of the m andrel 1106. 
In this manner, when the mandrel 1106 expands the section 1180 of the tubular 

30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the weUbore casing 1012. faapartimlarfr prefer 
is effected by compressing the seals 1016 between the expanded section 1180 and 
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the wellbare casing 1012. In a prefer red embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pai in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the out^ 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of ^ 

member 1110 and the casings 1008 and 1012 ranges from about 600 to 10,000 psi 
in order to optimally provide pressure to activate the sealing meinbers 1145 and 

15 provide optimal resistance to ensure that the jomtwfflwithsta^ 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllab]y ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be nrinhnfaed In a 
preferred embodiment, the operating pressure of the Quidic material 1161 is 
reduced in a substantia^ linear feahion from 100% to about 10%^ 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximate^ all but about 6 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is providedin the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure Is provided 
30 in the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. 10f r once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fiuidie seal of the joint between the upper portion of the 
5 tubular member U10 and the upper portion of the tubular hnrr 1108 is tested 
using conventional methods. If the fluidk seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tabular member lllQia than removed fa a conven tiona l manner. The 
10 material 1160 withra the arm 

the tubular finer 1008 is then allowed to core. 

As illustrated in Fig. 1% preferably any remaining cored material 1160 
within the interior of the expanded tabular member 1110 is then removed in a 
conventional manrtPr uainga flfmwntimil drill string The resulting tie-back Hner 
15 of casing 1170 indndes the expanded tubular member 1110 and an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1166 using conventional drilling methods 
20 In a particularly prefened embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-lli; an embodiment of an apparatus and method 
for hangings tubular liner off of an existing wellbore caring wffi now be de» 
Aa illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 induta 

a tubular casing 1215 and an annular outer layerof cement 1220. 

Inordar to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1226 is used in a well known mannrr to drill out material from the 
subterranean formation 1205 to form a new section 1280. 
SO As illustrated in Fig. llb^ 

in a subterranean formation Is then positioned in the new section 1280 of the 
wellbore 100. The apparatus 1800 preferably includes an expandable mandr el or 
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pig 1305, a tubular member 1310, a shoe 1315, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 
1360. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 ispreferably adapted to eontroUably 
expend in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventi anal commercially available expandable mandrels m odified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as diademed in U& Pat No, 5,348,095, the disclosure of which is 
incorporated herein by reference, ciodifl^ fa accordance witt the 
present disclosure. 

The tubular member 1310 ia coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 dimtvm m A Aff nf *>u» expandabte mandrel 1806, The tabular member 

1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/caamg or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, fi^ma approximately 0.75 to 

In a preferred embodiment, the inner and outer diametm of tlw 

1310 range from about 3 to 15 J5 inches and 3.5 to 16 inches, respectiver/ in order 

tooptimalry provide mfo 

wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 i n clu d es an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. La a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1 3 10 range from about 3/8 to 1 ft inches and 3 Vfc to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

SO diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a pr e f erred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 



-54- 



the tabular member 1310 range fiom about 8/8 toli inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment the wall thickness of the 
intermediate section I860 of the tabular member 1310 is leas than or eqpial to the 
5 wall thickness of the upper and tower sections, 1355 and 1385, of the tubular 
member 1310 in order to optimally facfliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the weUbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper sod portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or stow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 ia limited to mtrihnt»» the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member mo is pre^ 
in leng th 

Tbe shoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 end 1335. Ifce shoe 1315 may comprise 
any number of conventional commarciaOy available ahoes snch as, for example, 

20 Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified fa accordant 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe witha sealing sleeve for alatch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 twichingn of the present dUadogure, in order to optimally gniite tha faihnW mirmW 
1310 into the weflbore 1200, ontimallv fhildkfr isolate the interim- nf th» factor 
member 1310, and optimally permit the complete drill out of the shoe 1816 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1815 ftirtber includes one or more side 

30 outlet ports in fluiriic comrrmTrirntinn with the fluid pm«»g» 1830. In this manner, 
the shoe 1315 preferably injects hardenableflnidlc —"t^ g Tnnfrrltd into the region 
outside the shoe 1315 and tubular member 1310, In a preferred embodiment, the 
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shoe ISIS includes the fluid passage 1930 having an Inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member IMS mi the expandable mandrel lflftfi- The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is pve&nb|y positioned along 
a centerirne of the apparatus 1300. The Arid passage 1320 la preferably selected 
to transport materials such as cement, drilling mu^ 
pressures rangn^fromaboutO^ 

to optimally provide sufficient operating pressures to circulate fluids at 
16 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in flu idi c 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1805. The fluid passage 1330 preferably has a croaa- 
aectional shape that permits a phig, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidity isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 

below the expandable mandrel 1805 to be pressurised The fluid passage 1330 is 
preferably positioned substantially along the centerirne of the apparatus 1300. 

The fluid passage 133 0 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
regionbetween the tubular member 1310 ai^thenewsectioril230ofthfiwellbore 
1200 with fluidic materials. In a pref erred embodiment, the fluid passage 1330 
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incl ud es an Inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offby mtrodugmg n phi g r^r t 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1385 is coupled to and positioned within the shoe 1315 in fluidic 
comm unication with the fluid passage 1330, The fluid passage 1335 is preferably 
positioned substantially along the centeriine of the apparatus 1300. The fluid 
passage 1335 ia preferably selected to convey materials such as cement, drilling 

10 mud or epozias at flow rates and pressures ranging from about 0 to 3,000 
galkmafanmte and 0 to 9,000 psi in order to optimally fin die annular region 
between the tubular member 1310 and the new eectkm 1230 of the wdlbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and s up p orte d by the upper end portion 1355 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the o ralapp ing joint between the lower end portion of the cash^g 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicry sealed. The 
seals 1340 may comprise any number of convsotkinalc ammB raalfravanableeeals 

20 such a^ for example, lead, rubber, 

with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, IX in order to opthnallypnndde a hydra 
annulus the overlapping joint while also creating optbnalload bearing capability 

25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optima^ 
a sufficient Irictional force to support the expanded ^n^frrBMrmber 1810 from the 
existing casing 1215, In aprefei mil embodiment , tf^frigBm^i f orce provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

80 support the expanded tubular member 1310* 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an ammlar member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the weubore 1200. In a preferred 
embodiment, the support member 134 5 further in dudes one or more conv ention a l 
centraltters (not illustrated) to help stabilize the tubular member 1310. 

5 inapiefeiTed embodiment, the supped 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the mtroduction of forngn Tnnt*rial into the apparatus 1300 ia minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure tliat no foreign m st ^ 

10 interferes with the erpenwm process. 

The wiper phig 1350 is coupled to the mandrel 1806 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, tor 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wqper plug 1850 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas* TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 
^preferred emhortin^ 
within the new section 12^ 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. He, a hardenabte fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, throu^ the flnW passage 1375, and ii^ 
30 the interior region 1870 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes nw to interior region 1870 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member ^ 

1200. Continued pumping of the materM 1880 canfies the material 1380 to 

at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 

pressures and flow rates ranging, for pramplpi, from about Q to 5000 pgi and 0 to 

1,600 gallaaatatn. reapecirvery. In a preferred embodiment, the material 1380 is 

pumped into the annular regkm 1390 at pressures and flow rates ranging from 

about 0 to SOW psi and 0 to 1,6W 
10 fill the annular region between the tubularmember 1810 and the new aectionl^ 

of the welibore 1200 with the hardens^ 1380. 

Tfeehardenable fluidic sealing mateiM 1380 may compriae any immbercif 

conventional rmmnftTcially available hmdmiihto fluidic **stong materia ls mirh ag, 

for example, slag mix, cement or epoxy. In a preferred embodiment, the 
15 hardenahla fluidic sealing material 1380 comprises blended cements designed 

specifically for the wefl section bein^ 

Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1880 in the region 1390. The optimum blend 

of the cement is p r efer ably determined using conventional met hods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient qnantities to ensure that, upon radial expansion of the tabular member 
1310, the annular region 1390 of the new sectiosi 1230 of the wellbore 1200 wfflbe 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1895, or other similar device 

into the fluid passage 1320. Hie wiper dart 1895 ispreferab^pumpedllirou^ithe 
fluid passage 1320 by a non hardenabk flnidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1360. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wfper plug 1350 causes the w^per plug 1350 to decoupte 
from the mandrel 1305. Tliewiperdart 1395 and wiper phig 1350 then preferably 
will lodge in the fluid passage 1830, thereby blocking fluid flow through the fluid 
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passage 1330, and fhiididy ifrolrt» w ff the interior region 1370 of the tubular 
member 1310 ftom the annular region 1390, In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently preseurixed, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the a 
1305 is raised out of the expanded portion of the tubular member 1310 fay the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1896 into the ftiid paaa^ 1320 at a aurfiace locate 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devkeafromptagpngafluid passage such as, 
f^^mplii MnHiplfi 8to^ Cemmter latch-down rfugi, QmeglatchHlown phafes 
or three wiper latch-down plug/dart modified in eccordaxw with the teachi^ 
15 the present disclosure. Inapreferred embodiment, the wiper dart 1396 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350, The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenalde fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 psi and 0 to 1,500 gallons/mm in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner , the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 la minimised 

In aprrfffrrri r^^t, after blocking the fluid passage 1830, the mm 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging fr^ approxim ately 500 to 9,000 psi and 
40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 m«;nt*tn the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extruskm process. 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for cnrampH approximately 500 to 9 r 000 psi. In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a flmrtion of the tubular member diameter, wall 
t hfcfcnes s ofthe tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the ahoe and tubular member, and the yield strength of the 
tubular member . The optimum flow rate and operating pressures are preferably 
determined using oonventkmal empirical methods. 
10 During the earmsion process, the eipandaMemandr^l3(»xa<y be raised 
out of the expended portion of the tabular number 1810 at rates ranging, for 
example, fhim about 0 to 6 ft/aec. ir>oj**mtMv*+A embodim ent! An**r>z**~**tm^ m 
process, the expandable mandrel iao5 may h* rased ont afihm expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/aec in order to 
15 optimally provide an efficient process, optimally permit operator acquitment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1805, the outer surftce of the upper end portion 
20 1365 ofthe tubular member 1&^ 

lower end portion ofthe casing 1215 to form an fhiidti^ overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
ofthe overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contart^ 

enough resistance to w iths t and typical tensile and compressive bads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint 

In a preferred embodiment , the operating pressure and flow rate ofthe non 
30 bardenabtefhildk material 138^ 

mandrel 1305 reaches the upper end iwrtkm 1355 of the tubular m 

In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

AltflmatlY^ly, ftl* in fl>n)Mn fit* 0 ", * "hrafr nlmrirher is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper endportion 1356 of the tabular member 1310 in order to 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
remored from the wellbote 1200* InapreferredffmhoHiTnffnt, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
15 overlappingjoint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1366 of the tubular 
member 13 10 and the lower portion of the casing 1215 is satisfactory » then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 isthenremovedinaconventionalmanim The material 1380 within the annuls 
region 1390 is then allowed to cure. 

As Illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tabular member 1310 Is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 inchides the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 306. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may thenta 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 fcmnatdon has been described that inctadw 

in the borehole. Abody of fluidic material is theninjeeted into theborehote. The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 
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The injecting preferably includes injecting a hard mn able fhiidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and anon hardenable fhddle material into an interior region of the 
tubular liner below the mandrel The method preferably includes fluidicfy 
5 isolating the nnmilnr regkm from the interior region before injecting the second 
quantity of the nan hardenable sealing material into the interior region. The 
injecting the hardenable fluidk sealing material U preferably provided at 
operating pressures and flow nn^ 

griloTidfflfti The injecting of the non hardenable fluidk material is preferably 

10 provided at operating pzess^ 

and40to3,000gallonafaiin. The Injecting «f nop hardenable fluHic material 
ia preferably provided at reduced operating preaaores and £^ 
portion of the extruding. The non hardenable fluid* material is preferably 
injected below the mandrel l^inethod preferably uic^ 

16 of the tubular Hnear betow the mandrel The region of the tubular liner betow the 
mandrel is preferably pressurised to pressures rangingnxnn about 500 to 9, (XMDpsi. 
The method preferably includes fluidiriy isolating an interior region of the tubular 
liner from an exterior region of the tubular liner* The method further preferably 
indudes curing the hardenable sealing matet^ 

20 of tha cored sealfngfflatqrial located within the tubular liner. The method tether 
preferably includes overlapping the tabular liner with an existing waflbore casing 
The method further preferably includes sealing the overlap between the tubular 
liner and the existing weUbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method further preferab^ 

tha overlap between the tubular Knar and the existing wellbore casing. The 
method ftirtherpraferably indudes removing at leant a partifm <*f th» hur Amafrfe 
flui dk ae ali n g m aterial within the tubular Hnarbrforecming. The method further 
preferably includes lubricating the surface of the mandroL The method tether 

30 preferably includes absorbing shock. The method tether preferably indudes 
catching the mandrel upon the completion *f the *«*™^g 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage, 
Thp maiyfr^l r*wip1«d t*% the mipport member and mchirtps a second fluid passage. 

5 The tabular member is coupled to the mandreL The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first.seoond and third fluid passages 
are opernbly coupled. The support member preferably ftxrther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably inctudea on* or more sealing members 
adapted to prevent foreign material fi^ 

member. The mandrel la preferably expandable. The tubular member is 
preferably fabricated 

Country Tubular Goods, 18 chromium steel tubingfcasmg, and plastic casing. The 
15 tabular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 136,000 psi. The tubular 
member preferably Includes one or more sealing members at an end portion. The 
tabular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandreL The ahoe preferably includes an inletport 
coupled to the third fluid passage, the inlet port adapted to receive a pmg for 
blocking the inlet port. The shoe preferably is drillable, 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an iimerd^ 

the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members In an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member off of the 

member. The pressurizing of the portion of the interior region of the second 
tubular member ia preferably provided at operating pressures ranging from about 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the fitmding Tfce method farther preferably includes 
sealing the overlap between the first and second tubular members. The method 
6 further preferably includes s up por tin g the extruded first tubular member using 
the overlap with the second tubular member. The method farther preferably 
includes lubricating the surface of the mandreL The method farther preferably 
includes absor bing shock 

A liner far use in creatinganew section of wefibore casing in a subterranean 
10 formation adjacent to an already existing section of wellbore casing has been 
described that includes sn annular member. Hie annular member includes one or 
more sealing members at en and pnrtifln nf the y^milar member , f"»d one or more 
pressure relief passages at an end portion of the annular member. 

A weDbore casing has been described that inclndee a tubular liner and an 
15 annular bocfr of a cured flnidic swiltngTn wtffrisl . The tubular liner is fanned by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably farmed hy the process of placing *h» *nhn\nr Uner mandrel -**iin 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured Ouidic sealing material is preferably formed by the 
20 process of injecting * »f WL»«M t ffaidic —r™ c material tnfr? an 

regkm external of the tubular Uner* T>m4ng«M» prmuriagp& thit mtrfritrr portion 

of the tubular liner is prefiarab^ 

tubular liner. The fatarior portion of the tabular 1^ 

to pressures ranging from about 500 to B,000 pal The tubular liner preferably 
25 overlaps with an existing weUboro casing. The wellbore casing preferably farther 
includesasealpositionadfat^ 

wellbore casing. Tubular liner is preferably enp porte d the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a weDbore casing within a 
SO borehole has been described that indudm installing a tubular liner and a mandrel 
withm the wellbore casing, m 

pre ssurising a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fluidk material is aelected from the group conaistiiig 
of da g mix, cement, drilling mud, end epoxy. In a preferred embodiment, the 
method further includes Quidicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a preferred embodimen t, the 
injoel±Qgoftfaebf?dyofflTtH'r^^"»' iaprnv^ at operating in-easurea and flow 
rates ranging from about 500 to 9,000 pa and 40 to 3,000 gaUnns/min. In a 
preferred embodiment, the injecting of the body of fluidk material is provided at 
reduced np ratHig pwwapiwM and flowratea during an end portion of the extruding. 

10 In a prgfarrH t"^*™-"*, »■« material ia Injected below the mandreL In 
a preferred ~«>~«TT,«nt a region of the tabular liner below the mandrel ia 
pressurised. In a preferred embodunent, the region of tb* tubular hner below the 
mandrel ia pTeascrked to pressures ranging from about 500 to 9,000 pal In a 
preferred embodiment, the method further includes overtopping the tubular liner 

15 with the eabatmgwellbore casing, m a piefen^embodnnent, the method further 
uariudea sealing the interlace between the tubular 

casing. In a preferred embodiment, the method further includea supporting the 
extruded tubular liner using the existing weflbore casing. Ia a preferred 
embodiment, the method further mdudestaetu«tb« integrity <rf 

20 interface between the tubular liner and the existing weHbore casing. In a 
preferred embodiment, method further memoes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includea catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 

26 method further faidndes expanding the mandrel ma radial db^ction. 

A tie-back finer for lining an existing weflbore casing has been described 
that indudea a tabular finer and an annular body of a cured flnidic sealing 
material. The tulnilar finer is famed by 

off of a mandr el The annular body of a cured fluidic sealing material is coupled 
80 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of pladng the tubular liner and mandrel within the weUbere, and 
pressurizing an mterior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior partkm of the tubular liner m 
from an exterior portion of the tubular liner. In a pr eferr e d embodiment, the 
interior portion of the tubular lii^ is pressurized at pressure 
500 to 9,000 psL In a prefen ed embodiment , the annular body of a cured floidic 
5 fleflling material is formed by the process of mjecting a body of hardenable fhridic 
sealing material into an annular regkmbetiroentheeiigtmy w^Ihnr^ ^^ g ^ 
the tubular finer. In a preferred embedment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned m the owlap between the tuhuto 
10 other existing weUbore casing. In a preferred ««ii™n*»« t tubular liner is 
supported by the overlap with the other eristmgwaffijero casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member i nc lud es a first fluid passage. The mandrel is coupled to the 
15 support member . The mandrel includes a second fluid passage operably coupled 
to the first fhiid passage, an mterfa^ The interior 

portion of the mandrel is drillable. The tubular member is coupled to themandreL 
The shoe is coupled to the tubular member. Ilia shoe includes a third fluid 
passage operably courted to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, ft* interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a d rillab le bocfr 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion ^M^tH ftirm mstn rinls snky tod from the croup 
consisting of tool steel, titanium, and ceramic. Preferably, the expansion cone has 
a sur&ce hardness ranging from about 58 to62RockweUC. Preferably at least a 
portion of the apparatus is drillable. 

A l tho u gh illustrative embodiments of the invention have been shown a nd 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprinrng: 

3 inKtalting a tabular liner and a mandrel in the borehole; 

4 injecting fhiidic material into the borehole; 

5 pressurising a portion of an interior region of the tabular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of tbemandreL 

12. A method of creating a casing in a borehole located in a tectum of a 

2 subterranean formation, the borehole having an already existing casing, 

3 comprising* 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casing; 

6 placing a tabular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overiappins the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 floidicbrisolatingthe 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a mm hardenable fmidic material into the interior region of the 

15 tubular liner beta w the mandrel; 

16 extruding the tabular lfr*w> ntr****™* expandable ^ n nf nil; 

17 sealing the overlap between the tabular liner and the already existing 

IS oo«ap£» 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the onmri^ between the tubular liner and 

the already existing casing; 
removing at least a portion of the haidenablefhiidk sealing material f^ 

the interior of the tubular liner; 
curing the remaining portions of the ftuidic haxdenable fluidic sealing 

material; and 
removing at least a portion of the 

within the tubular liner. 

An apparatus tat expanding a tubular member, comprising: 

a support member, the support member in c ludin g a first fluid passage ; 

P mandr el coupled to the support member, the mandrel Including: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 

a shoe coupled to the tubular liner, the shoe including a third fhnd passage; 
wherein the first, second and third fluid passages are operably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member i ncluding : 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing dements; 
a shoe coupled to the tubular member, the shoe including : 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a stop member, and 
one or more exhaust passages coupled to the fourth fluid paaaage for 
injecting fluidic material outside of the shoe; and 



-70- 



16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method ctfjoiningaseco^ 

2 first tabular member having an fetter (fiameter greater thu 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member^ 

6 pressuridnga portion of the inters 

7 and 

8 extruding the second tubular member into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular ™»mW including: 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at an end portion of the annular 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular 

3 extruding the tubular liner off of a mandrel; and 

4 an annular boc|y of a cured fhiidk sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel ; and 

4 mtmnulOTbodbrofacuredfluidk 

6 liner. 



1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exteri or portion; 

7 wherein the interior portion of the mandrel is driUabk; 
6 en expandable tubular member coupled to the mandrel; and 

9 a sho e coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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